July 1956

Developﬁents in Design of Bituminous Mixtures
and Pavements in Western United States
By

F., N. Hveem#

I have been asked to discuss bituminous ravement practice
in the far western states, and it is a little difficult to know
just how to présent the subject as it would seem appropriate to
make comparisbns and contrast westérn practices with those that
are well established élsewhere, However, in order bto do this |
properly one would have to be équally familiar with conditiéns,
methods and concepts in many regions and as my own experience
has been confined to one of the most western of the states I
can only undertake to describe some of the methods employed and
give an outline of the development and experience with exampleS\\
6f both success and failure, I will discuss the test methods
and control progedures that have been set up in order to guard
against the various defects and deficlencies that have been
n&ted thrdughout the years..
| The use of asphalt on highways in thewsstern states probably
began in California. The scanty record seems to indicate that

gome usage was conbemporary with, the beginning of asphaltic

‘. #Materials and Research Engineer, California Division of Highways.
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paving in the eastern states, According to Peckham, natural
sand asphalts were in use in California prior to 1866 and
agphaltic road oils were first used on the oiling of Ortega
Hill near Summerland in the year 1894 and from that time on the
use of asphaltic materials_developed slowly and intermittently
including paving of streets and highways with sheet asphalt,
Tépeka and asphaltic concrete and in the late 20's the oil
mix type appeared and sbread rapidly over the highways in ail
the western states. Abouf seven-elighths of the paved roads in
California now have asphalt surfaces of one type or another and
the percentage 1s probably even higher for the balance of the
West,

With the advent of the state highway system in 1912, the

first asphaltic pavements on California highways were patterned

after eastern practice, using sheet asphalt on concrete bases,
This soon changed to portland cement pavements 15! wide and L"
thick, With the rapidly expanding traffic, it soon became
evident that funds were not available for the construction of
so-called permanent pavements and during World War I many of
these pavements, including both portland cement and asphaltic
types developed seriocus failures so that State Highway Engineer
R. M. Morton concluded that it was essential to construct
better bases and foundations and allow the roadbeds to become
stabilized before paving, From 1915 to 1925 many miles of the
highway system were surfaced with gravel in all the western
states and with the rapid development of the automobile age
traffic increased tremendously in the early 1920's, Asra result -

the graveled roads were rapidly torn up and worn away to the
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. extent that we were losing_as much as an inch of surfacing a
year, Many will remember the badly wash-boarded dusty gravel
roads of 1920 to 1925, And those of us who worked in highway
maintenance will recsall the feelings of frustration and futility
in trying to keep down the dust wi%h‘wéter sprinklihg trucks
operating Eh hours a day; and in attempting to maintain a
smooth surface with blade graders,

Thé State of Oregon began in 1923 to treat these gravel
surfaces with liquid asphalts of the slow curing typeé which
were generally known as road olls (although often purchased as
fuel oils to avoid higher freight rates) and following Oregon's
example, California began in 1925 to try out bituminous surface
applications over many miles of these older graveled roads, In
the beginning, two methods were employedé one the use of rela-
tively light road oils which was a sort of evolutionary step
from the use of water. It was the Philosophy that such roads
would be maintainéd by blading While.the 01l would eliminate thé
dust nuisance, It was soon found, however, that in many cases '
these low viscosity liquid asphalts or road oils would cement
well graded materials sufficiently to form a smooth dustless
surface that did not readily form pot holes and in fact gave the
appearance of a paved surface,

The second method was the so-called oil mat which was the
equivalent of the present day surface treatment or\“seal coat®
on a well compacted or cemented gravel road,

Engineers in the southern desert regions soon realized the

. possibilities of surfaces that required no blading and little

maintenance and in 1927, the first Project was constructed in
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. ’ Galifornia wherein graded aggregates and slow curing oils were
mixed in place on the road to produce a substantial wearing
surface 2 or 3 inches thick. The success of this ploneer
section between Victorville and Barstow led to many thousands
of miles of similar cpnstfuction in the western states, While
the grades of binder have covered the entire range of liguid
asphaits including sléw, mediuwm, and rapid curing Qutbécké, and
emulsions the changes and developments are largely matters of
detail, Following the success of the first road ﬁix project,
in 1927 the first contract was awarded feqﬁiring the use of a
central mixing plant and this was followed in 1928 and 1929 bj
a number of similar contracts scattered throughout California
and adjolning states. By the close of business im 1929, 1%t was
evident that this process could produce gsome excellent low cost
pavemente or surfaced roadsg, but it could also produce some out-
standing and rather spectacular failures, Fig, 1.

From the first the laboratories of seﬁeral.states including
the Materials and Research Department of the California Division
of Highways began investigations which are still continuing al-~
though the scope has becoms expanded'to embrace éll types of
bituminous pavements and has inevitably led into research and
study of all factors and principles influenéing the structural
design of pavements,

The first failures observed were in the form of raveling,
Fig, 1, and it became evident that this difficulty, apparently
due to a deficiency in amount of agphalt, was more frequently
encountered in the plant mix jobs than on those that had been

constructed by the road mix method, This apparent anomaly can
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be traced to the then prevailing habit of trying to judge the

- proper amount of o¢ll by the appearance of the mix, With the same

percentage a road mix job will look dry and a plant mix appear
dark in color, In other words, if a 'plant mix and a road mix
using the same material are brought to the same colof or shade
of brown the plant mix will invariably héve the lesser amount of
asphalt,

Theré was no dependable means ig 1926 for determining the
optimum amount of asphalt fér all of ﬁhe wilde variety of local
materials being used. It was cbvious thaf these mixtures would
not tolerate an amount of liduid asphalt corresponding to
Eastern practice with sheet asphalt or aéphalt concrete, Attempts
were made and reported by ¢, L. McKesson and W. N. Frickstad(l) in
1927 to judge the correct amount of oil by means of the pat stain
test., This test wag never satisfactory and McKesson then pro-
posed a formula based upon sieve-analysis—which became known as
the MeKesson-Frickstad formula; | | |

In 1929, while resident eﬁgineer on an oil mix project, the
writer developed a formula based on the ides that the amount of
aspﬁalt was proportional to the surface area of the aggregate.

This formula was subsequently improved after I ﬁrénsferred to the

Materials and Research Department, It was early evident that it

was not possible to £ill the voilds in the éggfegate with low
viscosity asphalts and still have a stable mixture and the ob-
vious effects from increasing or decreaéing the fines in the

grading all pointed to the conclusion that the optimum amount of

agphalt was a function of the surface area of the aggregate, The

surface area method(e) has been described in detail and the pro-
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. .cédure 1s availlable for further study if desired, It may be’
pertinent to point out that the surfaece area chart, Fig, 2,
reflects the idea that the film thickness (Bitumen Index)} of
01l or asphalt must be réduced as the surface area value is in-
creased, This means, in effecf, that a mass of small partiecles
will not tolerate as thick a film of asphalt as will a collection
of coarser materials; It does not mean, however; that the film
thickness varles on each partlcle accordlng to 31ze in a given
mixture, When properly mixed, all particles in the same batch
tend to have the same thickness of film or bitumen index and this
fact is useful when checking upon the asphalt contents by means
of extraction tests, An article on this subject by A, R, Ebberts
(who first coined the term Bitumen Index) is of interest{3) ang
is well worth reading by anyone interested in this subject,

Haw to secure "stability™ in asphaitic mixtures was a
problem very much in the mindé of most paving engineers 25 years
ago and the technical literaturée of the times contained papers by
Prevost Hubbard, Hugh Skidmore, and others each of whom proposed
certain types of tests which were claimed to be "stability tests" -
one‘the Hubbard—Field(u) extrusion tegt and the other the Skidmore
direct shear test, Many other devices have been proposed ko
measure this somewhat elusive property of “stablllty,' ﬁhich is
a word that means many different thlngs and has many different
connotations - in asphalt pavements 1t implies ability to resist
plastic deformation, While the Hubbard-Field test was used for
several years in California in an attempt to evaluate asphaltic
conecrete, it ﬁas evident from the start that it could not account

for the ability of pavements consbtructed with low viscosity road
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oils to sustain heavy traffic, Samples of the most successful of
the o0il mix surfaces would characteristically display not over
100 and 200 1b, "stability" as compared to the 1500 or 2000 1b.
thought necessary for a conventional sheet asphalt pavement. On
the other hand, one sample from a badly deformed street.gave

5000 1b, H,¥, stability, The shear test showed similar lack of
correlation with known performance, Thérefore, it seemed that
some test should be devised that more nearly simulated tﬁe type
or direction of movement involved in the distortion displayed by
unstable bituminous surfaces under traffic, The stabilometer(S)

was an attempt to measure the magnitude of distorting forces in

a plastic pavement under wheel loads, I believe that it is $till

the only stability testing dévice that will accommodate the entire
range of asphaltic binders or aggregate gradation and indicate
why any or all of the various typés of asphaltic mixtures may
have the requisite properties to resist the distorting effects

of traffic, Fig. 3, h, 5. It was soon found that by means of the
stabilometer 1t was possible to test 211 varieties of bituminous
mixtures whether the binding agent was a relatively light road
0il of low viscosity or any grade up to and including paving
asphalts, It also became evideht that this test disclosed the
reasons why light oll mixtures could be made to sustain traffic.
It was somewhat surprising to find that when measured in this
manner and at road temperatures of 1AO°F the stabilometer value
of a stable pavement is of the same order of magnitude for any
type of mixture regardless of the grade of asphalt, Fig. 6. It
was soon evident that the stabilometer principle (which was

later designated in certaln quarters as a triaxial shear or
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. compression test) primarily measures inter particle frictioﬁ
which is the prineiple variable that contributes to “stabilitf."
However, while it was found that this internal friction was about
the same for stable mixtures'of all types, it was also obvious
that there were certain differences in the form of hardness or
toughness between asphaltic concrete using paving asphalt and
the so-called o0ll mix type where a slow curing liguid asphalt
is used as a binder, In order to measure this difference, the
cohesiometer(E) was developed and demanstrated that the tensile
"strength™ or rather the cohesive resistance to being pulled
apart was in general much higher with the harder penetration
gréde asphalts than with the liquld types. It was also fbund
that high dust contents resulting from the use of filler or
any change in gradation that would inecrease the density would
consistently show an increase in the cohesiometer or tensile
"gtrength values but not necessarily in the stabilometer results,
From this study, it beéame clear why many agencies and asphalt
technologists had placed great stress upon the "stabilizing"
effects of fillers and likewise upon the benefits and merits
Vof high density mixtures, Thesé ideas éame from the use of tests
that primarily measure tensile strength, However, attempts to
correlate cohesiometer results with overall pdvement performance
were definitely unsuccessful as we found samples of unstable
asphalt pavements shbwiﬁg grooves or transﬁerse ripples under
traffic that developed very high cohesiometer values and

. correspondingly high values 1n the Hubbard-Field test, and their
counterparts today show higﬁ values in the Marshall device, On

the other hand, certain oll mix roads have carried heavy traffic’
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for many years without signs of grooving or distortion even
though cohesiometer tests are very low and values in the Hubbard-
Pield or shear test are negligible, We may summarize at this
point then and say that it has been definitely proven that
satisfactory asphaltic pavements or wearing surfaces can be
constructed with almost any gradatlion of aggregate and with
maximum size of coarsest particles ranging from sand to coarse
stone two or three inches 1in diameter, In other words, good
asphaltic road surfaces have been bullt with aggregate gradations

ranging from sheet asphalt to penetration macadam., The only

consistent relationship that must be maintained is that both

the viscosity and the amount of asphalt must be appropriate for

each aggregate combination used,

Following the construction of the pioneer project in 1926,
0il mix construction spread through the western states, but as
stated before, a2ll projects constructed in the ehsuing years
did not turn out equally well, For example, the State of
Arizona was the first to recognize differences in behavior under
the action of water, They observed that certain oll mix surfaces
softened up and became muddy after the first rain(6), In fact,
some sections wvirtually disintegrated, Julian Powers and
Wayne O'Harra of the Arizona Highway Laboratory made an investi-
gation and suspecting that some form of emulsification was taking
place, in 1929 they came up with an adaptation of a standard test
for steam cylinder oil and developed the so-called "“demulsibility
test" to identify fine materials that seem to cause softening
and disintegration when the oiled road is subjected to the

action of water, At about the same time, A, R. Ebberts, working

www . fastio.com


http://www.fastio.com/



http://www.fastio.com/

. for Allegheny County in Pennsylvanla, published an article
entitled ®The Emulsifying Effects of Asphalt Pillers™{7) ang
pointed out the differences between silica and limestone fillers
in their ability to retain a film of asphalt in the presence of
water, Ebberts applied the term "hydrophilic" and "hydrophobic™
to distinguish the two classes of mineral particies, By 1929,
California had experienced an almost complete failure of a 22
mile project, Pig. 1, and an application of the Arizona
demulsibility test indicated that the fine material or "filler™
dust secured from an ancient lake bed deposit was very poor and
separated readily from the o0il when shaken in the presence of
water, After & study of the literature and an investigation
of the entire phenoména I concluded that emulsification was a
somewhat sécondary consideration or "py-product,™ so California
renamed the demulsibility test calling it the water-asphalt
preferential test in order to convey tﬁe idea that what we
really were measuring and wished to know is whether the material
"preferred asphalt" (hydrophobic) or "preferred water" (hydrophilie),
The Arizona laboratory also devéloped the swell test(B), having
found that most of the adverse materials would deveiop measurable
swell or expansion when compacted specimens were placed under
water, |

Following the work of Victor Nicholson!9) most of the
western states also adopted some form of the stripping test,
usually patterned after the model developed by the Bureau of
‘Public Roads and the Asphalt Institute(10)° However, while

. _ most stripping tests are applicable to coarse partieles or

screénings, they are not readily applied to dense graded mixtures
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containing fine dust.

As stated before, road mix construction in the western
states first used slow curing ligquid asphalts but as the years
went by the Inevitable limitations and failures led engineers
to try other varieties of asphalt, hoping for a greater per-
centage of success, Slow quring olls often gave trouble in
the wetter climates, Therefore, there has been a tendency to
shift to cutbacks of the medium curing or rapid curing types.

A recent survey Indicates that cutbacks and paving grades of
asphalt are used almost exclusively in the northwestern states
while in southern Califbrnia, Nevada and Arizona the preference
is for 8C-3 or scuu grades which appear to give longer 1life in
the arid regions. It has been noted that the.use of volatile
solvents has a tendency to accelerate the hardening of asphalts
and thus there continues to be a éonsiderable use of slow
curing types in many of the western states.

After it had become evidént that a wide variety of aggre-
gate types and gradation could be successfully employed in
bituminous construction, it seemed ﬁertinent to inguire whether
or not there was any such thing as a principle or law that
governed the gradation of aggregates. In other words, if we
were to conclude that gradation is not important or at least
not critiecal so far as stability is concermed, 1t left un-
answered the question of whefther gradation was important for any

other reason, Therefore, an extensive series of studies was
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inaugurated comparing the gradation of aggregates from both

- successful and unsuccessful projects‘Which confirmed the idea

that a wide wvariety of aggregate gfadations‘could be used suc-
cesgfully but that it was usually a sourceidf trouble if fluctu-

ations or non-uniformity developed on any given projectg(ll)

In other words, while it is possible to use many different

gradations, it is important that the grading be controlled as
closely as posgsible on the job?lFig;‘T,- '

6ther questiéns, 6f course, arose éubh g3 -the matterlof
suﬁface‘texture to-producé g non~-skid surface as a safety con-
sideration, and in order to achievé this condition a definite
amount of coarser aggregate must be’ ixcorporated in the mix.
Also, 1t was found that while high dust contents could be used
theoretically and there were occasional exampleés where as much
as 309 minusg 200 had been sucéessfully incorporated; neverthe-
less, the probabiiity or likelihqod.pf success wés greatly
diminished where excess fines wére.involfed, éﬁd it ﬁas clearly
evident that high dust contents produced critical miXturesi
Also such.consideratiOHS as workability?'ease of handling and
placing on the street and the question of whether or not the
pavement would be permeable depehééd definitely upon the gra-
dation of the aggregate, It was also noted in connectlon with
studles of permeabllity that it was a questioh of the gize of
the pores rather‘thaﬁ the volume of the voids, and this ob~
gservation cast one more doubt upon the validity or importance
of deﬁsity meagurements or void volumes,

Having accumulated evidence that gradation had no funda-

mental or predictable effect upon stability if the asphalt
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content was proper for the mixture used, it seemed in order ito
study the factors which influence the amount of asphalt which
should be used, It was early apparent Fhat fough textured stone
particles required a greater amount of‘asphélt'for a given gra-
dation as compared to smooth; glagsy stone types such as quarbtz,

Porous particles such as softer sandstones, shale and some vol-

‘canic rocks require even greater amounts of asphalt. In order

to permit a definite evaluation of this variable, the Centrifuge
Kerosene Equivalent (CKE) method was develbped.(%g) It was also
obvious that the gpecific gravity of the aggregate or the volume-
weilght relationships would have to be taken into account as it
wasg and.is common practice to apportion asphalt in terms of the
weight rather than volume, Thls study brought out the fact that
one of the prinéipal sources of error in bituminous mix design
is the failure to take into account variatibns in speciflc gravity,
Figure 8, 9, 10, 11, In this réspect, design practicés for
asphaltic mixtures tend to lag behind the established ﬁraotice
for portland cement concrete, Also, ohe can hardly 6vér—emphasize
the hidden pitfails that lie concéaled in the'apparently.simple
relationships expressed by a sieve analysis or the plotted grading
curve, especlilally when the apecific gravity varies between the
fine and coarser particles, Fig, 11,

Having reached the stage of development where it is
possible to specify suitable gradations of aggregate and with
means at hand to determine very precisely the optimum amount
of asphalt and then to be able to measure the over-all
stability of the compacted pavement, we hoped that the problem

of bituminous pavement design was well under control, However,
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failures and signs of distress continued to appear, and 1t was
obvious that aalarge proportion of these surfacerfailures

could be attributed to weaknesses in the base or foundation

and 1t seeméd futile to continue attempts to improve the quality
of the paving mixture without making sure that the base was of
adequate thickness and of proper qua}ity to support the pave-
ment, Fig. 12.. This study led to many years of work involving
the construction of test tracks and other devices in order %o
determine the factors that underlie the structural design of

(13)

pavements, This study led'to the deévelopment of a design

formula in which means are provided for assigning numerical

values to the destructive effect of traffic, to the abllity of

soll and granular base materials to resist plastic flow or
deformation and with allowan¢e made for the slab strehgth of the
different types of pavement, including base combinations. After
this design procedure had been addpted, which involvgd dlscard-
ing the inadegquate CBR test, it agaln seemed that we might have
conquéred most of the design problems, However, cracking and
evidence of distress continued to be manifest on certain projects

even though there was no evidence of plasticity in the base or

gubbase and where the total thickness of construction met all

theoretical requirements, Fig, 13, It seemed evident that all
pavements must have definite limitations in their degree of
flexibility or in the capacity td withstand continuous and re-
peated bending under traffic loads, Thereforé, an intensive
study was launched about 1950 inﬁolving the measurement of pave-
ment defleections on-many projects, attempting to determine if

there was any consistent pattern or differences in magnitude of
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. deflection between the pavements in excellent condition and those
showing distinét evidence of cracking. This étudy produded clear-
cut evidenece that there were distihct limits ﬁo‘the ability of
any present day pavement to withstand such flexing-and that
fatigue fallures may be developed in aimost.any,type‘of pavement
whether asphaltic or portland cement concrete,(lh) Work on this
phase is still under way and we aré'nowlenegufaged to believe
that the problem can be solved and that Wé have most of the tools:
necessary to give warning when soils of undue‘fesiiiende will be
encountered, and it 1s hoped that within the foreéeeable future a
formula may be developed that will pro&ide a thickness, Weight,

nStrength, or flexliblility of pavement that will enable the
structure to survive where resilient soils and fogndations are
encountered, Fig; 1L, 15, |
Apain it might seem that with.these additional tést methods,
analytical and design tools that at long last‘pavement design
would approach something in thé nature of én exact science, How-
ever, we must now face the fact that asphaltic ﬁavements have
been known to give trouble and to have‘only‘a limited 1ife even
over excellent foundations where the mix design was beyond
question, and I now refer to deficliencies iIn the asphaltic binder,
This lack of quality in asphalts may be manifested 1in several
ways. The most serious and perhaps most common is lack of
durabillty where the road surface becomes dry and hard showing
increased susceptiblility to cracking, ravei and other evidences
- of disintegration, Less frequently and less gerious, asphalts
. may vary somewhat in their ability to adhere to the aggregate

and to resist the disintegrating effects of moisture, It is
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also possible for asphalts that have adequate durability to
present problems during construction, being glow to sot up and
harden on the road, Of all thése possible*deficioncies; however,
those properties leading to lack of durabllity are undoubtedly
the most serious, (15, 16, 17) . '

Many studies have been undertakeniin an attempt to develop
fest methods which could pfediot the ﬁerfofmance and durability
of asphalts In servmoe, After many years of 1aboratory work,
Gallfornla has developed test methods for establlshlng relative
durability on a comparative ba51s and also for predlctlng the
relative rate of curing or ﬁsettlpg up" during the oonstructlon
period, However, both test ﬁethods.afo time,éonsumingj require
relatively expensive, cumbersome, special.eQuipment aodrare
not considered practical or at. least are troublesome to apply
as a routine control operatlon° As an e#pedlent or stopgap
procedﬁre California has adopted revisad spe01f10ations for
pav1ng grade asphalts (17) seeklng to use the older, often im—
adequate test methods but with speolflcat;on llmlts tightened
80 ag to eliminate the more obviOus:unSatisfaotory asphalts,
In these new speoifioaﬁions the principai'reiianco is placed
upon the flash test which of all curpent'tests'appears to show
the highest degree of correlation withAdeﬁonstrated degrees of
durability, Fig, 16, 17, |

Thus far we have been discﬁséing deféils-of mizture
composition, design principles, and the numerous sources and
cauges of failure. The development of asphalti¢ highway
surfaces in the western states has also in%olved ohangés in

construction methods and these cﬂhnges have in turn had =
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. definite effect upon results and in some cases upon the design
of the mixtures., PFor example, the first work where mixing was
done on the road was accomplished by blade graders often
followed by spring-tooth and sgsplke~tooth harrows, There was
also a rash of special mixing devices, usually in the form of
multiple blade drags that were supposed to throw the materlial
back and forth and thus accompiish considerable mixing with one
ragss, Most of these were dlscarded sooner or later for blade
graders elther towed or motor patrol types, and before long this
field was Invaded by mechanlical mixers of the travellng type.
Among the better known was the Barber-Greene which elevated the
material from a windrow on the road bed, delivered the aggregate
into a contiﬁuous type pug mill mixer and then discharged the
finished mix on to the road bed., OQOther types employed one or
two axle mixers parallel to the direction of travel and also
rotating mixers equipped with transverse axles., Examples of
both types are in use today.

As stated before, shortly after the first road mix job was
considered to be a success, other projects were let to contract
requlring the use of a central mixing plant using a typilcal
asphalt plant of the bateh type although for the first few years
driers were not required. It was soon found, however, that re-
gardless of the fact that 1t was presumably more convenlient and
less expensive to dispense with the drier, there was actually a
good deal of failure and distress attributable to excess moisture
in tﬁ@ aggregate, Also, i1t was soon demonstrated that the average

. plant could turn out a much greater tonnage of mixture if _the

aggregate were heated than was posslble otherwlse., Contractors

ClihPDF - www .fastio.com


http://www.fastio.com/



http://www.fastio.com/

ClibhPDF -

-18.

soon found that there was no real economy in dispensing with
the drier and the final results were invariably much superior

when the aggregate was heated and dried, Thus while the term

'Moold mix" has been used rather widely, actually there have been

few, 1T any, cases in the last 25 years where aggregates have
been mixed cold with asphalt in a central plant., With road
mixing operations, of course, the work 1s done under ambient
temperatures and the aggregate mixed at whatever temperature was
developed on the road,

Summary

In summation then, western experience with bituminous road

" construction has indicated that it is possible to ubtilize a

very wide variety of asphaltic materlals ranging all the way
from 25 penetration paving agphalt through the entire range of
liguid asphalts, even to materials having a-Saybolt Furol
viscosity of not more than 75 seconds at 122°F, it has also been
demonstrated that usable road surfaces may be construc£ed with

.

almost any gradation of mineral aggregate or combinations of
particles ranging in size from 3" in diameter down to dust.(ll)
This does not mean that all grades of asphalt are equally
satigfactory, and it is not possible to use all grades with all
aggregate combinations, Many mixtures have distinet limitations
and many are suited for certain conditions and not for others.

A few general comments may be made, For example, macadam type
of construction has produced many examples of.durable roads

but this is the most difficult type of construction to place

so as to provide a smooth riding surface, Present day ideas of

standards for smoothness are tending to eliminate the conventiconal
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macadam type, at least for surfacing, although 1t may still be
used for base congstruction at certain times, Extrémely fine
grained materials such as sands and silts have also been suc-
cessfully incorporated into dustless road surfaces, Such
materials have the disadvantage of being quite critical as to
asbhalt content, Thorough miiing presents a-problemi Fine
grained surfaces make 1t possible to dévelop very smeooth surface
textures which may be very comfortable to yide over but may
readily present a serious skid hazard.(ls) It has'aléo pfoved
to be a difficult matter to control proportions in order to
dévelop adequate stability in mixtures of this type. Therefore,
experience 1In the Weét has led to the widespread adoption of the
graded aggregate type in which the maximum size 1is generally
around 3/4" or 1", In receﬁt years, the general tendency is
toward a reduction in this maximﬁm gize so that materials of
1/2", 3/8" and even 1/ maximum are being employed with increas-
ing frequéncy,

Beginning with the work reported by Profeséor Moyer in
Iowag(;e) 1t has become rather Well recognized that cbarse
aggregate and cdarse rough surface textures aré not essential
for safe non-skid road surfaces, The use of macadam types and
coarse gurface textures has probably been most prevalent in the
State of Oregon, Throughout eastern Oregon, Washington and
northeastern California, basaltic dikes and lava flows are of

frequent occurrence and Oregon has employed crushed basalt on

‘many miles of highways, This crushed material develops high

stability due to rough surface texture and tends to be somewhat

absorbent, thus requiring a relatively high asphalt content.
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There are many areas in California and other western states
where disintegrated granite is avallable and many deposlits have
proved to be excellent sources of road surfacing and base
material even though it can vary considerably in qualiﬁy, Ex -~
perienced engineers have learned that disintegrated granite or
d.g. as it is called is usuwally most satisfactory when obtained
from shallow pits or from near the surface of the ground, As

the disintegration of granite is due to the breakdown and

‘kaolinization of the feldspar, the micaceous and clay~like

products of decompogitlion are often detrimental., These finer
fractions generally have a high affinity for water and ténd to
be leached down to lower levels or washed down to the toe of the
alluvial fans, Many Western Highway Engineers have found that

the quality of D.G. deteriorates as they work deeper or farther

‘down the slopes of deposits.,

In addition to the more common tyﬁés'of.the run-of-the-mill
aggregates, such as granites, béSalts, étc., there'are,of course,
many special or pecullar materials in the western states, In
Montana and certain parts of Wyoming, there has been zome success

in using a peculiar local material called scoria which is ex=

: ﬁremely porous and capable of absorbing up to 25% by welght of

any liquid asphalt, In California and Oregon, deposits of
volcanic cinders or pumice have been used successfully although
it has been necessary to use from 10% %o 15% of asphalt by weight,
At times, pumice deposits contain a considerable amount of
obsgidian or volcanic glass. Some of the roads surfaced in
Yellowstone Park contained high perceﬁtages of obsldian., Some

rather strange and disturbling results may develop in trying to
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. make an asphaltic surface when the aggregate is a mixture of
obsidlian and pumice, the pdﬁice'being extremely light in weight
and-very_ﬁorous will take up tremendous quantities of asphalt,
but is very stable; the 6bsidian, on the'othgr:hand; being of

.normal gravity, extremely sﬁodth and nén—pofous; Wili‘take very
1little -asphalt and naturally has an inherently very low stability.
Where the proportlions of thése two types Qf aggregate vary con-
sidérably through a deposit, the'prdblem of fixing and maintain-
ing.thé correct asphalt content ig almot insurmouﬁtéble.‘ Stream
deposits contalning mixtures of shale éndrquarﬁz partiéles can
be almost as troﬁblesomeo

| Qﬁartﬁ gravel or even beach gravel has'been usea successfully
and in the Tmperial Valley of California, one of the only avail-
able gsources for aggregates are the old\beabh lines around the
shorés_of ancient inland seas that have long since vanished’.
These gravels are rounded, smooth and polished, and it is very
difficﬁlt'to provide enough‘asphalt té properly cement them
tégether without, at the same time, rendering the miXtﬁré |
unstable. (See stability curve on left of Figure 6.)

With the passing years and heaﬁiér traffic, the use of low
viscosity slow curing olils has practidaliy céased in road mix or
plant mix application. BRoad mixing operations in the northern
areas usually involve cutback asphalts of the medium curing
type. In California and the southwest, 8G-3 or SC-l is still
used, The majoritj of the plant ﬁix work is now accomplished

with paving grade asphalts ranging from 85 to 300 penetration.
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. | In conclusion, 1t may be stated that while a wide variety
of bituminous mixtures have been used in the westefn states
the real diffefencés are 1afgely differences of degree rather

) than in principle. it is virtually impossibie to distinguish
a modern road surfacing constructed under "plant mix" specifi-
cations from the so=called asphaltic concrete, and it appears
that matefiéls.and oombinationé‘of materlals will perform
according to thelr inherent or significant properties Pegara—

lesas of names, classifications or fype designations,
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“Figure 1, These photoéfaphs illustrate the disturb-
ing and definitely discouraging failures that developed
upon -the third plant mix project constructed in California.
This:project 22 miles in length constructed in 1929 across
the Mojave desert,.developed fallures of the raveling type
throughout most of the entire length., Subsequent study
and laboratory analysls indicated that a number of factors
contributed, ‘'First, the pit was in a prehistoric lake bed
region and edch grain of sand and coarser particle was
coated with a film of fine montmorillonite clay. Even tho
taken from a pit in the deésert where prevalling tempera-
tures were between 100° and 120° the mix contained 3% to
U4 of moilsture, most of which was held in the clay films,
When ‘first placed on the street the mixture “appeared" to
have -plenty of oil, but as the moisture was evaporated
under the hot ‘sun the oll was absorbed leaving an insuf-
ficient amount for a mixture containing such a high dust
content. The amount of dust was indicated to be 3% to L%
by dry sieving but was actually 15% to 18% by wash
analysis., Primarily, these failures were caused by "too
much ‘dust and not enough oil." Secondarily, the dust and
aggregate were definitely hydrophilic and failures were
further accentuated by the infrequent rains.
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“Pigure 2. This chart expressés a relationship be-

"~ tweert the optimum quantity of liquid asphalt such as SC-3
or MC-3 that will be required for aggregate combinations
varying in the amount of fines and varying in the surface
characteristics of the particles., The abscissa scale
represents the calculated surface area based on sieve
analysis and particles of assumed simple geometrical shape,
The vertical scale represents the amount of liquild asphalt
in terms of pounds per square foot of surface area. The
family of curves represents the range in particle surface
roughness from very smooth, hard particles up to very
rough and porous materials., A "normal aggregate" such as
dénse basalt or granite would ordinarily be satisfactorily
represented by curve number l or 5,

fQuartz gravel would range as low as curve No, 1 and
rough vesicular lava might require curve 8 to 10,
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T Figure This" chart shows stabilometer results on
four sampled of agphalt pavement submitted from a going
project, Samples A and B represent stable mixturesthat
were showing no distortion under traffic. Samples C and
D were showing considerable distortion, "Stability" of
bituminous mixtures by the Stabllometer is ordinarily
compared under a vertical pressure of uOO psi; shown on
the abscissa scale., See Figure L for conversion of these
values to a comparative stabllity scale plotted with
reference to the total 1ligquid content,

A
.
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. » Plot showing same data as Figure h but
with the stabilometer value at ll00 psi plotted against

the total amount of liquid, that ig, asphalt plus water
that was found in the specimens, It will be noted that
while Sample A gave the highest value at about 5.2% of
asphalt, Sample B, with more asphalt and somewhat lower
ordinate, still shows adequate stability, Sample C con-
tained about 6-1/2% of asphalt plus a little water while
Sample D contained only about 6% of asphalt but had more
than’2% of water present, This chart illustrates that

the amounts of water and of asphalt should be considered
as additive and the mixture will usually be unstable if
the total amcunt of liquid exceeds the capacity of the
aggregate, Ooheslometer values for these samples are also
shown and illustrate the frequently observed fact that the
best ‘cohesion or tensile strength is often achieved at the
highest liquid or asphalt content, often far beyond the
amountt which is optimum so far as stability is concerned.
This plot illustrates the danger of replying upon test
methods that primarily measure or are unduly affected by
the cohesive or tenslle resistance,

(Seé?Réf&féh e #19 for a more detalled discussion.)

()
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1gure 5, Photograph of an unstable asphalt surface
involving both vertical and lateral deformation. Groove

in ‘wheel lane is shown by depth of depression under
straightedge., Evidence of lateral movement is shown by
wavy traffic stripe., Such a pavement can show fairly high
values when tested by any of the methods that measure ‘
"tensile strength primarily, but such a pavement invariably
shows low internal friction values irrespective of the type
of -asphalt or gradation of aggregate,
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tween "stability" as measured by the stabilometer showing
three different types of mineral aggregate, each tested for

" stability with different percentages of asphalt as shown

on the absclssa secale, Sample No, 123h3 is a smooth

rounded gravel from an ancient beach line in the southern
Tmperial Valley. The curve shows that the best stability
obtainable is not very high and would be barely acceptable
for average traffic, This value was reduced by additicnal
amounts of SC-4 1iquid asphalt,

’

-Sample No, 17027 is a more normal quite stable aggre-

~gate of basaltic type., Here the curve shows the close

gimilarity in stability between 3C-2 liquid asphalt and
50-60 penetration paving asphalt, Note the relatively
high 'stability with the optimum ranging from L.7% to 5,0%.
Attehtion is called to the fact that stablility drops

‘faster with the addition of heavy paving asphalt than with
the 8C-2 road oll, Thisg difference 1s not uncommon,

{Sémple No. 7862 is an aggregate of unusually high
gtability due to its very rough surface texture and

‘moderate porosity. Note here that the optimum smount of
“asphalt is about 5,7%, but this amount is so close to the

amount required to fill the void space that stability falls
rather rapidly with higher asphalt contents although it
would probably be adequate under average traffic with

' asphalt contents as high as 6.5%.

It should be mentioned that harder asphalts may show
highér stabilometer values at times especially at lower
températures, but in general gtabllometer values do not
showithe differences that will be indicated by a cohesive
or ténsils strength measure,
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5
§ an 1deallzed gradlng chart of
smooth curves drawn to indicate a satisfactory "envelope"
indicating an acceptable range of tolerances, It should
be boérne in mind that successful pavements have been bullt
with 'a wide variety of aggregate gradations in which the
plotted gradling curves may depart considerably both in
position and shape from the one shown here. However, such
gradations will often have special features or objection~
able characteristics that may or may not be important on =a
8pecific project,

“It is the concept that a grading curve is best viewed
as simply a usable or workable "path between obstacles,"
If the obstacles do not exist or have been otherwise dealt
with, then a correspondingly greater latitude is available
for the ' path of the grading curve,® No “fundamental
principle" or mathematical relationship has been discerned
so far as the granulometric composition of mineral aggre-
gates is concerned, Any curve can be described by a
formula but there appears to be no mathematical expression
that rests on sound "principles" or "fundamentals." A
grading curve must be "molded" or "manipulated" to fit each
set of conditions and clrcumstances,

i - Only experlence will tell the engineer how best to do
i w thi. S

“(See*Refefence #11 for a more detaliled discussion.)
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‘ -explanatory. On the left, the
diagram indicates the typical proportions by volume of the
three components of an asphalt mixture; namely, the aggre-
gate, the asphalt, and the air voids, In the tabulation
under relative proportions the first column expresses the
weight of asphalt and the weight of aggregate that would
be used in a one .ton pug mill mixer where the asphalt
‘content was fixed at 5% by weight of the mineral aggregate
(ratio of asphalt to aggregate is the basls for mix design
-in the western states). Column 2 shows the same figures
expressed as percentage or as the asphalt ratio, Column 3
represents the same proportions where the agsphalt and
aggregate are expressed as percentages of the total weight
of the batch; Pinally, the last column indicates the
relative percentages by absolute volume, assuming that the
‘aggregate has a specific gravity of 2.7 and the asphalt a
specific gravity of 1,0. It is important to remember that
while weight pProportioning.is unquestionably the most
accurate and most satisfactory method for actual field
control and construction purposes, the true relationships
which concern the designer must be based on the relative
volumes of the three elements,
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1g "{1lustratesd varlatlons in the relatlonshlp
between both volume and welght for five samples of. fine
fock “dust or filler. On the left is a standard limesbtone
dust; The samples on the right are diatomaceous earth,

If the dust conbtent of a dense graded mixture is found to
be 6% by welght, for example, it will make a great deal of
difference whether the volume of dust actually in the
mixture corresponds to the graduate on the left or to one
of those on the right hand side of Pigure 9, Furthermore,
correéctions in the grading curves to compensate for
dbnormal volume weight relationships in the fine fractions
will influence the percentages passing all other sieves in
the serles

One percent of diatomaceous earth.w1ll provide asg
mich £filler as will 8% of limestone dust for example,
Howevers the sand content passing #8 sieve will also have
to be corrected downward with the result that 32% of sand
including the light weight fliller will give the same mix
composition as 3% sand with the heavy dust, The percent-
ages of all fractlions must be corrected if any substantial
dlfferences ex1st in the volume-weight relationships,
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: Figﬁré’fo-illustratés differences in volume result-
ing from coarse aggregates varying from specific gravity
of 2.33 up to 3,58, In these graduates each fraction as
separated by the standard sieves has been dyed to provide
a color contrast and placed in separate layers, If the
fractions were intermingled, the overall volume would, of
course, be reduced in each case,

'YFigure 11. There are innumerable combinations which
could result from mixtures of fine and coarse particles
where the speciflic gravity varies between the separate
size groups. Here are shown four examples of many possible
combinations, The two graduates on the left have normal

' coarse aggregate and sand both having a specific gravity of
2,655 BEach has 6% of filler., However, the left hand
graduate contains diatomaceous earth having a specific
gravity of 2,00 while the second graduate has a "normal®
filler such as ground limestone rock, The third is the
same” as the second except that it contains lightweight
coarse aggregate, and the fourth graduate contains a sand
of low specific gravity. In the set of examples, the only
"normal™ combination is in the second graduate from the
lefty If we recognize that the quantity of asphalt re-
quired is a function of the particle surface area, it be-
comes apparent why corrections and adjustments must be made
in a sieve analysis.expressed as percentage of the total
weight. Some marked aberrations in mix design can result

from failure to adjust for differences in specific gravity.

i

“(see’ Reference #21 for a more detailed discussion.)
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Pigure 13, is is”§°p£o§6gr3ph'bf s paved surface

 con$isting of 4" of asphaltic concrete resting upon 8" of
“ecrushed stone under which there is a

6n

layer of good
granular subbase. There 1is no evidence of plastic defor-
mation or lubricatlion and the structural design is of ade~

‘quate depth so far as the ordinary concept of "bearing
~value" or resistance value of the soll 1s concerned. How-
ever; tests showed that this pavement is undergoing sub-

stantial deflection under each passing load and the
undesirably hard, brittle asphalt pavement could not with-
stand the continued deflection developed by heavy wheel

. loads. The underlying basement soil was found to be un-
usually springy or resilient, presumably due to the presence
- of aflarge quantity of mica in the soil,
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. Figure 1l sh

PITRNC RO !

ows numerous areas of distress in the

o Form: of cracking and breakup of the pavement in the outer
. .wheél lanes which carry the bulk of the heavy trucks.
. Deflection measurements showed that the entire foundatlon

" wag affected by each heavy axle load to a depth of at

. least 20 feet and that deflections were much higher in
. the areas showing distress than in limited portions where
‘the pavement was in good condition,

(See Reference #1), for a more detalled discussion.)
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- Figure 15, This is a model carefully constructed

- from-‘deflection measurements to illustrate the pattern of
“downward bending or bulging of the underside of an asphalt
pavement subjected to a 15,000-1b, dual wheel load. The
deflections shown in the illustration appear to be about
~the 1imit that a 3" asphalt pavement will withstand for a
-more o0r less indefinite périod, Any greater deflection
than *this will apparently produce cracks or "fatigue

fallures™ sooner or later in the average Western asphalt
- pavement,
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. ‘Figure 16, A serles of llquld asphalts of Sc—h grade
were received from Joseph Zapata, formerly Materials
Engineer in the Wisconsin Highway Department, According

to reports, samples numbered on the chart as 1, 2, 3,

and 5 gave good performance showing no ev1dence of hardening
or deterioration, Sample shown on the chart as Wisconsin

" No, T was reported to have dried up until the road surface

virtually dlsintegrated The diagram illustrates the re-

‘sults of testing specimens prepared with 2% of the asphalt

mizxed with Ottawa sand, subjected to an artificial weather~

flng machine equipped with infrared lamps. The horizontal

scale represents the number of cycles in the weatherlng

‘machine, The vertical scale represents the loss in the
Asphalt-Ottawa sand test specimen subjected to the abrasive

action of a falling stream con51st1ng of 1,000 grams of

gsteel ahot,

(See Reference #15 for a more debailed discussion.)
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'VFigﬁre 17. This is a chart showing relative dura-

. bility of paving grade asphalts as developed under condi-

tions simulating normal pug mill or hot plant mixing
temperatures and the deterioration in a special weathering
machine using infrared lamps to develop temperabures of
11,0°F, This test is based on the concept that asphalts
showing undesirable aging characteristics will develop

‘hardhess -or brittleness and that compacted gamples of
.Ottawa sand coated with the asphalt in question will show
inereasing loss in abrasion when gubjected to a falling

stream of stéel shot. ~Changes indlcated by the first four
points on the left of the chart are those arising from in-
creasing the bemperature at the time of mixing as shown on
the abscissa scale, Curves on the right of this line re-

 flect the changes that occur when subjected only to normal

atmospheric conditions such as exist in the average pave-
ment. during summer months. Tt is clear that there is a
wide variation in the Important properties of asphalts
meeting current specifications; - :

H N
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